Abstract-In this paper, the diversity-multiplexing trade-off is derived for a one-dimensional equally-spaced Rayleigh fading ad-hoc Network. It is assumed that the interference from each link to the other links in the network declines exponentially with the distance, such that the attenuation between two neighbor links is p'°. For any given multiplexing gain r, the maximum diversity gain is achieved by utilizing a general time-sharing scheme. We obtain an explicit formula for the maximum diversity gain, and show that depending on the value of r and ao, there is an optimum time-sharing factor which yields the maximum diversity gain.
I. INTRODUCTION
The rapidly increasing number of wireless users and new bandwidth-consuming applications fuel the growing demand for more bandwidth and higher data rates. The trend goes to providing higher data rates in suitable areas, such as offices, homes or public places. This is the domain of Wireless Local Area Network (WLAN) systems, which are low-cost, easy to deploy and robust due to their specific design for unlicensed operation.
The primary goal of WLAN is to provide connectivity, or in other words coverage at all desired locations. There are several factors in designing WLAN systems; infrastructure density which addresses the coverage requirement, e.g., the number of access point required to cover a typical environment and the frequency reuse factor which controls the received interference level. It is of interest to find the frequency reuse factor (or equivalent time-sharing factor in TDMA schemes) which yields the highest spectral efficiency while maintaining a given minimum signal quality. In this respect, there is an inherent tradeoff between the reliability of reception and the rate of communication. We may allocate different frequency bands to different users such that all receivers are interference free, which boosts the reliability of the network. On the other hand, the rate can be increased by sharing the bandwidth among users at the cost of a considerable interference level. In this work, we investigate the optimal time-sharing factor to maximize the network spectral efficiency considering the network's infrastructure density .
Resource allocation algorithms are studied vastly for adhoc networks [4] - [6] . A joint scheduling and power control 1This work is financially supported by Nortel and the corresponding matching funds provided by the Natural Sciences and Engineering Research Council of Canada (NSERC), and Ontario Centres of Excellence (OCE).
algorithm is proposed in the context of unicast transmissions in ad-hoc networks [4] . The scheduling algorithm eliminates strong interferers so that the remaining nodes can solve the power control problem by using the distributed algorithm in [5] . Optimal spectrum sharing for a single-hop wireless network is studied in [6] where power allocation between different users has been discussed. A prevalent medium access scheme for channel reuse in ad-hoc wireless networks is spatial time division multiple access (STDMA), in which time is divided into fixed length slots that are organized cyclically [1] - [3] . STDMA schemes (with no power control) proposed in the literature can be classified into two focal categories: link scheduling [1] , [2] and node scheduling [2] , [3] . In each cycle, or time frame, every time slot is allocated to different designated communication links (under link scheduling) or to different designated user nodes (under node scheduling) such that all transmissions are received successfully at their intended receivers.
In this work, we consider a one-dimensional ad-hoc network in the high signal to noise ratio (SNR) scenario, and investigate the maximum achievable reliability in decoding (diversity gain) at the receivers, assuming a fixed transmission rate (multiplexing gain) for all the links in the network. The fundamental trade-off between the diversity and multiplexing gain has been characterized for multiple input multiple output (MIMO) systems in [7] and is extended for MIMO multiple-access channel in [8] . This approach has been applied for other wireless channels and networks [9] - [11] ; In [9] , the trade-off between the rate and the reliability is studied for different strategies in a wireless relay network. In [11] , diversity-multiplexing trade-off upper bounds are obtained for cooperative diversity protocols in a wireless network.
For characterizing the diversity-multiplexing trade-off, we consider a simple one-dimensional equally-spaced Rayleigh fading ad-hoc network utilizing a general TDMA scheme. The one-dimensional model for wireless network is used in several works (e.g. [12] [13]). It is assumed that the interference from each link to the other links in the network grows exponentially with the distance, such that the interference between two neighbor links declines as p-°. It is shown that for any given multiplexing gain r, the maximum diversity gain is achieved by utilizing a general time-sharing scheme where the active users form equal-size equally-spaced clusters (a group of adjacent nodes) with the size at most 3, and the distance at most J 1. The maximum diversity gain for each value of r is obtained by taking the maximum diversity gain among all the time-sharing strategies.
The rest of the paper is organized as follows; In section II, the system model is described. Section III is devoted to the characterization of the diversity-multiplexing trade-off for the ad-hoc network and finally, section IV concludes the paper.
II. SYSTEM MODEL
We consider a homogeneous one-dimensional network, consisting of n pairs of transmitters and receivers. The nodes are equally spaced on two parallel lines such that the corresponding transmitter-receiver links are parallel. The network utilizes a general TDMA scheme, such that each link i is active in 6i portion of the times. The objective is to find the optimum rj(t) = (t1l(t),... , qr,(t)), where rqi(t) is one, if the ith link is active in the tth transmission block and otherwise is zero.
The channels between each transmitter and receiver nodes is assumed to be Rayleigh fading. We consider a simplistic model of signal attenuation, e-Ad over a distance d, where A > 0 is the absorption constant (high attenuation environment). The attenuation factor from each node to its neighbors is assumed to be p°0. Since the attenuation model is assumed to be exponentially related to the distance, the closest active link will dominate the interference. Each receiver perfectly knows its own channel, as well as the channel corresponding to the strongest interference. The received signal at the ith receiver at transmission block t can be written as Yi (t) = Hi (t)xi (t)rqi (t) + E3 vjHji (t)xj (t)rj (t) + ni (t)' (1) ii where Hji(t) -CJV(0, 1) and aji denote the interference channel and the attenuation factor from the jth transmitter to the ith receiver, respectively. The power constraint for ith transmitter is E{ xi l} x < pi
III. DIVERSITY-MULTIPLEXING TRADE-OFF ANALYSIS
In this part, we derive the diversity-multiplexing trade-off curve for the system described in the previous section. For each link, we define ri= lim Rin(pi) (2) 
Using (8) and (9), we derive the diversity gain in (5) .
ii)Two strong interference: In this case, f(ho) = hoe-ho and f (hi) = eh . In (6) (h02(hh2lhih) (8) where (a) comes from applying the approximation 1 - . . Defining the distance between two clusters as §2(Cl,C2) min
l11 Cl 12 GC2 where l1 and 12 are two links in the clusters C1 and C2, respectively, and §2 (11, 12) (5) . We determine dk5 (r) in terms of function a as follows: d1 ,(r) = a2(rs, (1- sao)+, ( -2sao)+). The diversity gain d*(r) is depicted in Fig. 2 
